Although-the alcoholic fermentation has been classically thought of as totally anaerobic, numerous workers have shown that trace amounts ofoxygen stimulate fermentation rates and that some strains of th~ yeast," Saccharomyces cerevisiae actually require oxygen as a growth factor (1) (2) (3). The stimulating effect of trace amounts of oxygen is of an anabolic nature rather than catabolic, enabling the cells to synthesize unsaturated lipids necessary ·for cellular membranes (4) (5). Because of catabolic repression, when the glucose concentration is above 100-200 mg/1, the catabolic me'tabolism of Saccharomyces becomes primarily anaerobic rather than aerobic even at high oxygen tensions (2) (3). However, at lower glucose concentration, the metab<;>lism switches from anaerobic to aerobiC and the Pasteur eff.ect is observed. That is to say, because the energy available for growth per molecule ·of glucose consumed increases, the specific consumption of glucose decreases ( 6) • Further, i t has bee·n shown that very high oxygen tensions (above 300 rnrnHg) inhibit both cell growth and alcohol production (6) (7).
. . • 0 0 J u ~ 4 u ~ 9 9 9 Glucose concentration. Glucose was determined by the dinitrosalicylic acid (DNS) and method (8) .
RESULTS AND DISCUSSION
Initially· the yeast showed a definite optimum for both • ethanol production and cell mass production at 0.7 mm Hg oxygen tension. Above this oxygen tension ethanol and cell mass productivities declined. These findings are in direct agreement with the results reported by Cowland (2). However, Cowland was able to adapt'the yeast to·high oxygen tensions and eliminate the inhibitory effect of oxygen on cell production, but no gain in ethanol production was reported.' The adaption process was also observed in this work. A~ter approximately three weeks of continuous operation, it was observed that cultures developed the ability to sustain high cell .mass production rates at high oxygen tension. Furthermore, the optimal ethanol productivity of the "adapted" culture was 42% greater than "unadapted" yeast at conditions of complete substrate utilization. 
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Productivities as a function of oxygen tenstion at a dilution rate of 0.22 hr-1. plotted against dilution rate. Ethanol productivity is highest at high dilution rates, however, a large percent of the glucose is unfermented at these conditions. As a result, the fermentor must be operated at .a low dilution rate Tl)e dilutien rate required to ferment essentially all the glucose in the feed is shown as a'function of feed sugar conceritra-' tion in Figure 4 . The required dilution rate has a linear relation to feed glucose concentration at low concentrations, but as the feed concentration increases the curve bends toward lower dilution rates. This is due to alcohol inhibition, since higher sugar concentrations imply higher ethanol concentrations when the sugar is totally fermented.
For the 16% sugar feed, 7.6% ethanol was present in the fermented broth and the specific. cell ethanol productivity was reduced by 74% compared to conditions of negligible alcohol inhibition. This agrees with the work of Bazua (9) who used ethanol enriched feeds rather than producing the ethanol by fermentation of concentrated sugar solutions. 
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.. a. . described above for ~dapted cultures, an industrial size fermentation plant producing 24,000 gal/day of 95% ethanol was designed.
The fermentation substrate was taken to be sugars produced from th.e enzymatic hydrolysis of cellulosic waste as: proposed in the process design studies of Wilke et al. (10) . The design basis is shown in· Table 3 . The evaporator which concentrates the hydrolysate sugar solution is not shown although it has been included in the process cost analysis.
After the hydrolysate sugars have been evaporatively concentrated from 4. 0% to a 14.3% solution, protei,n and mineral supplements, shown in Table 4 , are mixed with the sugars. The principal items of equipment for the SCP fermentation are described in Table 3 . From the distillation column the sugar solution l.s supplemented with minerals and protein components shown in Table 6 . Two parallel continuous fermenters operating at a dilution rate of·0.318 hr-l are employed in the SCP fe.rmen- The general cost estimation procedures were those recommended by Peters (13) and Gutherie (14) •
The fixed capital cost is estimated as a multiple of the ·purchased cost ·of the principal i terns of equipment. In the present case a multiplierof 3.1 was used in conjunction with the FOB equipment costs listed in Table 3 . The manufacturing cost is subdivided into investment related costs, labor costs, utility costs, raw material costs and sugar costs. The sugar cost was taken at a base cost of 5. 2¢/lb as presented by Wilke, et al. (10) •
The steam and power ·costs were estimated assuming that they would be generated using spent solids from the hydrolysis .process as fuel.
A summary o.f utility costs are shown in Table 7 . A base labor rate of $5. 60/hr ·was assu.med for the. operation of the fermentation process.
The fixed capital costs for the overall process are shown in Table 8 . A total fixed capital of $5.37 x 10 6 is required to produce 24,000 gal/day of 95% ethanol from the hydrolysate sugars.
*These conditions were found to be optimal for the SCP fermentation from a computer model of the fermentation process. 
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A breakdown of ethanol production costs is shown in Tables 9 and   10 . Of the $1.05/gal production cost 68.6% is related to the sugar cost of 5.2¢/lb. This is also reflected in the SCP fermentation processing costs shown in Table 11 The above costs for ethanol and SCP should be considered within the context of the particular cell~lose processing scheme, of which they would be a part. Such an analysis is presented in the following paper (l5) , in which alcohol is taken as the primary product resulting from enzymatic hydrolysis of newsprint, and cost credits are estimated for by-product yeast and electrical power. 
